In Taiwan, patients with major trauma are often sent to the closest non-trauma centre for initial resuscitation and transferred to distant trauma centres subsequently. This study aimed to evaluate the in-hospital mortality of severe trauma patients treated in a trauma centre versus in a non-trauma centre. Methods: This prospective observational study reviewed 223 patients with major trauma (defined as Injury Severity Scale [ISS] score >15) who visited either a Level I trauma centre or a non-trauma centre from April 2013 to March 2014. Data of clinical status, trauma mechanisms, laboratory and radiology, interventions, and mortality/survival were evaluated. Logistic regression analysis was performed to assess effects of initial hospital treatment on mortality. Results: A total of 158 major trauma patients were taken to the trauma centre hospital, and 65 patients were taken to the non-trauma centre. Age >70 years (odds ratio [OR] 6.24, 95% confidence interval [CI] 1.01 to 38.62, compared to age ≤40 years), Glasgow Coma Scale [GCS] 3-8 (OR 19.00, 95% CI 2.30-157.01, compared to GCS 13-15), , ISS score >25 (OR 6.95, 95% CI 1.27-38.08) and taken to non-trauma centre initially (OR 30.90,) were significantly associated with mortality. Conclusion: Initial treatment of patients with major trauma in a non-trauma centre was associated with increased mortality compared to initial treatment in a trauma centre. (Hong Kong j.emerg.med. 2017;24:18-24) 
Introduction
In Taiwan, the transport of trauma patients by the emergency medical system (EMS) to hospitals is usually based on the principle of catchment area by territory. Bypass transport may occur according to patients' or families' requests or the judgment of emergency medical technicians (EMTs). However there is no standardised practice or protocol for primary trauma diversion. This often results in patients with major trauma being taken to the closest non-trauma centres for initial resuscitation and secondary transfer to a more distant trauma centre. Newgard et al 1 suggested that trauma patients transferred from non-trauma centres to trauma centres had lower in-hospital mortality rates than patients remaining in non-trauma centres. Haas et al 2 demonstrated patients' survival benefits after direct triage to trauma centres. Secondary transfer to trauma centres or initial triage to nontrauma centres was associated with increased mortality.
In addition, Mackenzie et al 3 revealed that the risk of death was significantly lower when care was received in a trauma centre rather than in a non-trauma centre. The purpose of the present study was to evaluate differences in the mortality of severe trauma patients taken to a trauma centre by EMS versus those taken to a non-trauma centre, and to identify mortality risk factors associated with effects of care in these centres within the trauma system of Taiwan.
Methods
Since 2009, the acute care ability (trauma care is one of the abilities) classification was set up in Taiwan. According to this classification, all hospitals in Taiwan were divided into 3 tiers-critical level emergency care ability hospital (comparable to a Level I trauma centre), moderate level emergency care ability hospital (comparable to a Level II trauma centre), and general level emergency care ability hospital (comparable to a non-trauma centre). However, there are no universal criteria for activation of trauma team. Each trauma centre can develop institutional criteria for activation of trauma team. In non-trauma centre, the trauma team activation was not required. There is no guideline or criteria of secondary transfer from non-trauma centre to trauma centre. The policy of transfer from non-trauma centre to trauma centre was based on each hospital facility or family's choice.
In the counties of ChiaYi and YunLin, Taiwan, two branch hospitals are located about 80 km away from each other, a distance that requires 50 minutes of ground transportation. The larger hospital is certified as a "critical level emergency care ability hospital" (comparable to a Level I trauma centre). This hospital admits about 70,000 patients to the emergency department (ED) annually, with trauma patients accounting for 15%. The hospital has an acute care ward with 1,000 beds and a 100-bed intensive care unit, which provide surgical treatment services 24 hours a day. The smaller hospital is classified as a "general level emergency care ability hospital" (comparable to a non-trauma centre). In this hospital, about 30% of 10,000 emergency department visits annually are trauma patients. The non-trauma centre only provides basic trauma care and limited surgical treatment. Most trauma patients who are initially taken to the smaller hospital and are in need of subsequent transfer are referred to the larger one. Some may be transferred to other trauma centres because of a family's choice.
From April 2013 to March 2014, all trauma patients taken to the two hospitals with a score over 15 on the injury severity scale (ISS) were deemed eligible for this study. A total of 158 major trauma patients treated at the trauma centre and another 65 major trauma patients treated at the non-trauma centre were included. Patients not transported by the EMS, or who had an episode(s) of loss of vital signs at the trauma site or during EMS transport were excluded. Since the factors associated with survival in patients with outof-hospital cardiac onset (OHCA) were mainly related to pre-hospital setting, 4 OHCA patients were excluded. Patients who initially admitted to non-trauma centre and then transferred to trauma centre were enrolled in non-trauma centre group only. The survival status was based on the survival or mortality on discharge of trauma centre. Informed consent of trauma patients was not required in this study, which was approved by the participating hospitals' institutional review boards. The study was approved by the Institutional Review Board of our hospital (#103-1016C1).
We monitored trauma patients who visited our ED, and prospectively enrolled patients with ISS over 15. Clinical factors, trauma mechanisms, patients' profile, laboratory data, radiology reports, interventions received and mortality or survival discharge status were recorded as variables using data from chart records and transfer return sheets reviews. The variables were defined as follows: mortality defined as mortality in hospital, EMS time defined as time elapsed from trauma reported to EMS to patients arriving at initial attended emergency department, anaemia defined as haemoglobin <10 g/dL at initial blood testing, Glasgow Coma Scale (GCS) as recorded as initial assessment at hospital. All patient data were reviewed retrospectively.
The differences between the parameters of patients initially treated at the trauma centre vs. those initially treated at the non-trauma centre were assessed and compared. Differences between patients' mortality or survival on discharge status were also analysed.
The chi-square test or Fisher's exact test and the independent t test were used for univariate analyses for categorical and continuous variables, respectively. The variables with p values less than 0.1 in the univariate analyses of the differences between patients treated at the trauma centre vs. the non-trauma centre and their mortality or survival on discharge status were included in the multivariate logistic regression analyses to identify possible effects of treatment on mortality. All statistical assessments were two-sided. Differences with p values <0.05 were considered statistically significant. Statistical analyses were performed using PASW statistics 18.0.0 software (International Business Machines, New York, United States).
Results
A total of 223 patients receiving treatment at both hospitals from April 2013 to March 2014 were evaluated. Among 65 patients who were initially taken to the non-trauma centre, 19 patients were referred to the trauma centre subsequently. The remaining patients had no chance of transfer to trauma centre or received complete treatment at non-trauma centre. Two of the patients who were referred from non-trauma centre died at trauma centre treated subsequently. The patients' characteristics were listed in Table 1 . The mean age of patients initially treated at the trauma centre was older than that of those initially treated at the non-trauma centre (61.2% vs. 54.1%) with a higher percentage of age >70 years (40.5% vs. 29.2%). In addition, a higher percentage of anaemia was found in those initially treated at the trauma centre vs. those initially treated at the non-trauma centre (8.2% vs. 1.5%). Also, a lower crude mortality rate was found for the trauma centre patients compared to those at the non-trauma centre (3.2% vs. 16.9%). All other variables between patients treated initially at the trauma centre or the non-trauma centre were similar (Table 1) .
Sixteen patients died and 207 patients were alive at discharge. The survivors had higher mean GCS score (12.2 vs. 6.1), lower percentage of age > 70 years (36.7% vs. 43.8%) and lower mean ISS score (19.4 vs. 35.7). All other variables between patients with mortality or survival were comparable ( Table 2 ).
In multivariate logistic regression analyses, age >70 years (OR 6.24, 95% CI 1.01-38.62, compared to age ≤40 years), GCS 9-12 (OR 19.00, 95% CI 2.30-157.01, compared to GCS 13-15), GCS 3-8 (OR 28.88, 95% CI 4.40-189.86, compared to GCS 13-15), ISS score >25 (OR 6.95, 95% CI 1.27-38.08) and initially treated in the non-trauma centre (OR 30.90, 95% CI 5.00-191.27) were variables that predicted mortality (Table 3 ).
Discussion
In the present study, age ≥70 years old, ISS score>25, lower GCS scores, and initial treatment in a nontrauma centre vs. a trauma centre were shown to be associated with higher risk of trauma mortality. Compared to younger patients, older adult patients with trauma were usually at higher risk for complications and death from injuries. [5] [6] [7] As in the present study, lower GCS scores and higher ISS scores were associated with risk of mortality were also identified in our previous study. 8 In Harnod's et al study, 9 the authors analysed the mortality rate of patients with major trauma, based on The Longitudinal Health Insurance Database (LHID) during 2006-2008. At that period, the acute care ability classification in Taiwan was not set up yet. The author classified all medical centres as trauma centres and all non-medical centre hospitals as nontrauma centres. According to this study, the mortality rate at non-trauma centre was about 13.4%. 9 In 2009, the acute care ability classification was set up. The definition of trauma centre and non-trauma centre in our study and Harnod's study were different. In this study, we investigated the in-hospital mortality of severe trauma patients treated in a trauma centre versus in a non-trauma centre which had illustrated the trauma care ability in this new classification (mortality rate 3.2% in trauma centre compared to 16.9% in nontrauma centre). Furthermore, the treatment of trauma patients in non-trauma centres was the only factor that was not patient-related, and it was also a major risk factor for trauma mortality. The study by Rivara et al revealed that the transfer of patients to level 1 trauma centres was not a significant independent predictor of survival among patients with moderate to severe injuries. 10 Similar findings were also reported in another study in Taiwan. 8 However, the study did not evaluate the outcomes of major trauma patients who received initial treatment at the non-trauma centre and were not able or not willing to be transferred to a trauma centre subsequently. In contrast, for the present study, the outcomes of major trauma patients who were taken to the trauma centre or the non-trauma centre initially could be compared. Results show that the patients initially taken to the non-trauma centre had a greater risk of mortality than those sent to the trauma centre directly. DiRusso et al had demonstrated that care received at level 1 trauma centres reduced mortality rates of trauma patients, especially in patients with an ISS >30. 11 After adjusting for differences in patients treated at trauma centres and those treated at non-trauma centres by propensity-scores, MacKenzie et al had also showed that the in-hospital mortality rate was significantly lower at trauma centres than at non-trauma centres (7.6% vs. 9.5%; relative risk, 0.80; 95% CI, 0.66 to 0.98). 3 Dementriades et al found major trauma patients have better chances of survival with treating at level 1 trauma centre than 12 The finding in our study was consistent with that found by Dementriades et al, but the odds ratio regarded to the effect of the hospitals EMS transport was higher in our study. We considered that EMS transfer policy in Taiwan might play a role in this result. Bypass transfer of patients from the non-trauma centre hospital to the trauma centre directly has been recommended for major trauma patients in pre-hospital transfers, 13, 14 but no such data were available currently to support this practice in our trauma system. Since bypass transfer may increase pre-hospital transport time, and may possibly have some impact on the outcomes of trauma patients, evaluating the possible benefit of pre-hospital bypass transfer in our trauma system may require further study.
The present study has some limitations. The sample size was small and with only sixteen patients who died, resulting in wide confidence intervals for the analytic results. Also, due to the limited number of patients, data of patients bypassed a non-trauma centre to the trauma centre could not be compared to those of patients taken to the non-trauma centre and referred to a trauma centre subsequently. This study only focused on in-hospital mortality. However, other studies have shown that a substantial proportion of patients with traumatic injuries die of their injuries in the year after discharge. 15, 16 Moreover, we mainly focused on the effect of initial diversion to trauma centre versus non-trauma centre. Because this study design and the limitation of sample size, we had not included all potential confounders of mortality which would be causing residual confounding.
Conclusions
Initial treatment of patients with major trauma in a non-trauma centre is associated with increased mortality compared to initial treatment in a trauma centre.
